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By Carl D. Kolbe and Angelo Bandettinit
SUMMARY

An investigation has been made tc evaluste the effect of Reynolds
nurber and Mach number on the serodynamic characteristics of a horizon-—
tel tall of aspsct ratic 3 equipped with a plain, sealed, full-span
elevator. The line joining the quaerter-—chord points of the alrfolil sec—
tions was swept back L45° and the sections perpendicular to this line were
the NACA 64AO1O0.

Increasing the Reynolds number from 2,000,000 to 18,000,000 at a
Mach number of 0.25 resulted in a sizable reduction in the drag coeffi-—
cient at moderate to high 11ft coefficients. Within this range of
Reynolds nunmbers the 1ift characteristics of the horizontal tail were
little affected by dynamic scale, but the hinge—moment and pitching—
moment charascteristics of the tail were affected by changes in the
Reynolds number, especially at the higher angles of sttack or elevetor
deflections.

Increasing the Mach number from 0.25 to 0.9% for constant Reynolds
mumbers of 2,000,000 and 4,000,000 caused an increase in the lift—curve
slépe and in the elevator effectiveneas. In general, the hinge—moment
coefPicient resulting from either angle of attack or elevator deflection
incressed in magnitude with increasing Mach number. The Mach number at
which rapid@ changes in the elevator hinge-moment coefficient occurred was
dependent upon the angle of attack and the elevator deflection.

INTRODUCTION

A systematic investigation has been undertaken at the Ames Aero—
nautical Laboratory to determine the effects of plan form on the
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control—effectlivensss and the hinge—moment parameters of horizontal teils
having full-span tralling—edge fleps. References 1 through T present
results of wind-tunnel tests of both swept and unswept horizontal tails
of several aspect ratios, all having the same taper ratio and ailrfoil
gection as the subJect model.

As a part of this investigatlon the tests reported herein were con—
ducted to evaluate the effects of compressibility and of Reynolds number
on the control-surface cheracteristics of a horizontal tail having 45° of
sweepback. Since this model also represents a wing with a full-span
flap, drag and pitching-moment dats are included in addition to the 1lift
and hinge—moment dats.

NOTATTION
'b2

A aspect ratio <-S— )
b
-y semispan, measured perpendicular to the plane of symmetry,

Teot

drag
Cp drag coefficient = )
1 tor hinge moment
Ch elevator hinge—moment coefficient ( A £° )
2q My
cL 1ift coefficient (-13-5>
as
Chm pitching—moment coefficient about the quarter point of the mesn
t
aerodynamic chord pitching moner )
qSc
c chord, measured parsllel to the plane of symmetry, feet
'b/é

- 2dy
c mean aerodynamic chord feet
ce' chord of elevator behind the hinge line measured perpendiculsar

to the hinge line, feet
% maximum lift—to—drag ratio

M Mech number -
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My

BA

Pirst moment about the hinge line of the elevator area behind
the hinge lins, feet cubed

pressure coefficient across the elevetor—nose seal (pressure
below the seal minus the pressure above the seal divided by
the free—stream dynamic pressure)

free—stream dynamic pressure, pounds per square foot

Reynolds number, based on the mean serodynamic chord

horizontal—tall ares, square feet

lateral distance perpendicular to the plane of symmetry, feet

corrected angle of attack, degrees

angle of attack, uncorrected for tunnel-well interference and
angle—of-attack counter correction, degrees

reduced aspect ratio (q/ 1-M° A)

elevator deflection (positive to increase 1ift) measured in a
plane normal to the elevator hinge line, degrees

(ﬁ w
d/s = o
ach
_a-;>5=o

(3E)..

(52

38/y = o > (measured st & = 0,) per degree
Cpy

S

(?c—;‘) (measured at Cp, = O)
5

|\  (measured at a = 0), per degree
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The subscripts after the parentheses represent the factors held constant
- during the measurement of the parameters.

MODRT,

The model used in this investigation represenmted a horizontal tall
of aspect ratio 3 and taper ratio 0.5. The geometric properties of the
model are shown in figure 1. The airfoll section was the NACA 6L4AO10
(table I) in planes inclined 45° to the plane of symmetry. The line
Joining the guerter-chord points of the airfoll sections was swept back
459, This line was at 29.63 percent of the chord parallel to the plane
of symmetry (table II). The tip of the model horizomtal tail was formed
by a half body having s diameter equal to the corresponding thickness of
the tip sectionm.

The stabilizer of the model wes comstructed of a tin—bismith com—
pound bonded to a laminated steel spar. The model was equipped with a
full-span, radius—nose, sealed elevator machined from solid steel. The
chord of the elevator was 30 percent of the NACA 64A010 section chord.
The ratio of the elevator aree behind the hinge line to the total area of
the model was 0.253. The model was mounted vertically with the tumnel
floor serving as a reflectlion plane as shown in figure 2. The gap
between the elevator and the tunnel floor was approximately 0.02 inch
when the elevator was undeflected. The Juncture between the stabilizer
and the tunnel flocor was sealed with & rubber gasket. The elevator was
attached to the stebilizer by three hinges. One hinge was locsted 6.h4
percent of the semispan helow the plane of symmetry, while the other two
were st 50.2 and 90.6 percent of the semispan above the plane of symmetry.
The letter two hinges and a close—fitting block at the plane of symmetry
divided the balance chamber into three separate sections. The gap
between the elevator nose and the stabilizer was sealed with a rubber
diaphram. This balance chamber seal was closely fitted to the ends of
each chamber to reduce leakage to a minimum., Details of the balance
charber are shown in figure 1. The turntable, to which the model was
attached, was directly connected to the force—measuring apparatus. The
elevator hinge moments were measured by means of a resistance—type
electric straln gage located immediately under the lower elevator hinge.
The elevator was positioned while the tunnel was 1in operation by a
romotely controlled electric drive motor mounted below the tunnel floor.

TESTS

Tests of the model horizontal tail were conducted in two different
sequences. In the first serlies of tests, the elevator deflection was
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meintained at constant values and the angle of attack was varied from
—10° to 30°. For the second series of tests, the angle of attack was
meintained at O° and the elevator deflection was varied from —16° to 16°.
These angle ranges were reduced at the higher Mach numbers and Reynclds
nunbers where wind—tunnel power limitations prevented testing at the
higher angles. The aercelastic effects on the model due to angle of
attack or elevator deflection are believed to be small. The elevator
deflections referred to in this report were measured in a plane perpen—
dicular to the elevetor—hinge line. The following equation relates
these elevator deflections to the deflection in streamvise planes:

ten 8| = cos Ay tan &
where

51! elevator deflection measured in the streamwise direction

Ay sweep angle of the elevaetor hinge line, 38.66°
Tests to Evaluate the Effects of Reynolds Number

The effects of Reynolds rmmber on the 1ift, drag, pltching moment,
and elevator hinge moment were mesasured at a Mach number of 0.25 for
Reynolds numbers of 2,000,000, 4,000,000, 8,000,000, 12,000,000, and
18,000,000. At higher Mach numbers, data were cbtailned at Reynolds
numbers of 2,000,000 and 4,000,000. The scope of the investigation that
was made to study the effects of Reynolds nmumber on the subject model is
presented in the following tabls:

Coefficients M R oy, (o]
CrsCnsCmsCp 0.25 toeig?gég?goo —10° to 30° [0°, £20°, £30°
C.CpsCpy .25 toeigfggo@m o° —16° to 16°
C.,C,,C_,Cp g:gg: g:gﬁ: ang’g?gég?goo ~10° to 30° 0°
C.sCnsCm 8:88; S'Sﬁ’ ani’ﬁag?goo o° ~16° to 16°
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Tests to Evaluate the Effects of Mach Number

The effects of compressibility on the 1ift, drag, pitching moment,
hinge moment, and the pressure difference across the elevator—nose seal
were measured at s Reynolds number of 4,000,000 st Mach nunbers of 0.25,
0.60, 0.80, 0.85, 0.90, 0.92, and 0.9%. The scope of this phase of the
investigation 1s indicated in the following table:

Coefficlents M Qng s}
0.25 ~10° to 30° | 6° to —30°
.60 -10° o 30° | 6° to —30°
.80 —10° to 18°} 6° to —30°
CL, ch, Cm,
85 - —10° to 14°| 6° to —30°
Cps w0 F
.90 -10° to 12°]| 6° to —30°
.92 ~10° to 12°] 6° to —30°
.9k —8° 4o 8% | 6% to —25°
0.25,0.60,
€1 Cns Cn 0.80,0.90, 0° 16° to -16°
and 0.94

Tests to BEveluste the Effects of Standerd Roughness and of
the Elevator-fose Sesl

Tests were also mede to evaluate the separate effects of standard
leading-edge roughness (reference 8) and of removing the elevator—nose
sesl on the 1lift, drag, pitching-moment, and elevator hinge—moment
characteristics. Data were obtained at a Reynolds number of 4,000,000
over the angle—of-etteck range at Mach mumbers up to 0.94 and over the
elevator deflection range at 0° angle of attack for Mach numbers of 0.25,
0.60, 0.80, 0.90, and 0.94,

CORRECTIONS TO DATA

The data were corrected for the effects of tunnel-wall interference
resulting from 1i1ft on the model by the method of reference 9, using the
theoretical span loading calculated by the methods of reference 10. The
corrections that were added to the angle of attack and the drag coeffi—
cient were:
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Ao, = 0.769 Cy,, degrees

2
ACp = 0.0109 Cf,

Fo attempt was made to separate the tummel—wall-interference effects
resulting from 1ift due to elevator deflection from those resulting from
1ift dus to angle of attack. No corrections were espplied to the hinge—
moment or the pitching—moment data, but the effects of tunnel-wall inter—
ference on these data are believed to be small.

Certain data in this report are presented for veluss of uncorrected
angle of attack ayn. The relation between the corrected and uncorrected
engle of attack is as follows:

@ = 0.99 ay + Aa

The constant 0.99 is the ratic between the geometric angle of attack and
the uncorrected reading of the angle-of—attack counter, and the factor

Aa 1is the correction for the tunnel-srall Iinterference. The uncorrected
angle of attack does not differ from the corrected value by more than 0.8°
for any of the test data presented.

The constriction effects due to the presence of the tunnel walls
were evalusted by the method of reference 11 and were not modified to
allow for the effect of sweep. The following table shows the magnitude
of these corrections:

Corrected Uncorrected Qcorrected
Mach nunber Mach number Quncorrectsd
0.250 0.250 1.003
.600 .599 1.00k
.800 .795 1.008
.850 843 1.010
.900 .888 1.01%
920 905 1.018
.gho .920 1.022

Pressures measured at orifices in the wind—tunnel walls were used to
determine the test conditlions at which wind—tunnel choking may have
influenced the data. The positions of the tunnel—-wall pressure orifices
relative to the model are shown in figure 3. It was noted that a local
Mach number of unity wes attained at the wind—tummel wall st a free—streanm
Mach nunber comsiderably less then the maximum free—stream Mach number
that could be obtained. This suggests that partisl choking of the tummel
existed at Mach numbers below that for which & normal shock wave extended
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across the test section. Some of the data were obtained at test condi—
tions for which the local Mach nunmber at the wind—tumnel wall exceeded
unity. These deta are lncluded In the figures but are falred with
dotted curves to indicate that they may have been influenced by wind—
tunnel choking.

Approximate corrections to the drag were mmede to compensate for the
drag force on the exposed turmteble. These corrections were determined
from tests with the model removed from the turmtable. The corrections
are presented in the following table:

_6
R X 10 M Cpy,
2.0 0.25 0.0028
2.0 .60 .0030
2.0 .80 .0033
2.0 .90 .0036
2.0 .94 .0038
k.0 .25 .0028
k.o .60 .0030
.0 .80 .0033
L.o .85 .0034
k.o .90 .0036
k.o .92 .0037
L.o Sk .0038
8.0 .25 .0024
12.0 .25 .0023
18.0 .25 .0022

No attempt was made to evaluate tares due to possible interference
between the model and the turntabls.

RESULTS AND DISCUSSIOR

The effects of Reynolds number on the low-speed asrodynamic charac—
teristics of the model are shown in figures 4 through 8 and are summarized
in figures 9 and 10. The effects of increasing the Reynolds number from
2,000,000 to 4,000,000 at Mach numbers up to 0.94 are shown in figures 11
and 12. The results of tests conducted to evaluate the effects of Mach
number at a Reynolds number of 4,000,000 are presented in figures 13
through 21 and are summarized in figures 22.and 23.

Data from tests conducted to evaluate the sepsrate effects of
leading—edge roughness and of the elevator-nose seal are presented in
figures 24t and 25 and are summarized in Pigure 26.
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Effect of Reynolds KNumber

Mach number 0.25.— The effects of increasing the Reynolds nmumber

from 2,000,000 to 18,000,000 at & Mach number of 0.25 on the 1lift, drag,
pitching—moment, and elevator hinge—moment characteristics are presented
in figures 4 through 8. In general, the effects of Reynolds number on
the aerodynamic chearacteristics of the model were smell. At the higher
angles of attack or elevator deflections, increasing the Reynolds nunmber
deleyed the onset of separation on the wing to higher values of 1ift
coefficient as evidenced by the drag data of figure 7. This same effect
of Reynolds number is noted in the hinge—moment data of figure 5.

The effects of Reynolds number on the 1ift and moment perameters of
the horizontal tell ere summarized in figure 9. These parameters, which
are measured at zero 1ift, are further evidence of the lack of dynamic—
scale effect on the chasracteristics of this modsl at low 1lift coeffi—
cients. The effect of Reynolds number on the drag of the model 1s sum—
marized in figure 10. These data show that, at moderate to high 1ift
coefficlents, incressing the Reynolds number resulted in slzable reduc—
tions in the drag coefficient.

Mach numbers 0.60, 0.80, 0.90, 0.94.— The effects of an increase in

Reynolds number from 2,000,000 to 4,000,000 at Mach numbers up to 0.94% on
the aerodynamic charsacteristics of the model with the elevator undeflected
are presented In figure 11. The effects of increasing Reynolds nuwmber on
1ift, hinge—moment, and pitching-moment coefficients as functions of
elevator deflection for O° angle of attack are presented in figure 12.

In general, the increase in Reynolds number from 2,000,000 to 4,000,000
caused only small changes Iin the aerodynamic characteristics of the model.

Effect of Mach Number

The aerodynamic characteristics of the horizontal tail at a Reynolds
number of 4,000,000 are presented in figures 13 through 21 for Mach num—
bers from 0.25 to 0.9%. The effects of Mach number on the 1ift, hinge—
moment, pitching—moment, and drag characteristlcs ere summsrized in
figures 22 and 23.

Lift.— The variation of 1ift coefficient with angle of attack for
various elevator deflections is presented in figure 13. These data show

that the elevetor was effective in producing chenges in 1lift throughout
the elevator—deflection and angle—of-attack range.
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The variation of l1lift coefficlent with elevator deflection at an
angle of sttack of 0° is presented in figure 14. The range of elevator
deflection over which the elevator effectiveness remeined constant
decreased with increasing Mach number.

The veriations of the parameters Cr, &nd Crg with Mach pumber
are compared with values predicted from theory In figure 22. The theo—
retlcel variation of Cro, Wwith Mach number hes been calculated by the
method of reference 10 and Cry has been calculated by the method

described in appendix A. The methods are based on a simplified lifting—
surface concept and are modified to account for the effects of compressi-—
tllity by the Prandti~Glsuert relationship. Being subJect to these two
limitetions, the theoretical values are terminsted at a Mach nunber of
0.85 beyond which Mach pumber the theory i1s not believed applicaeble for
an airfoil having as low en aspect ratic as the subject model. The
stabilizer effectiveness parameter Cr, Increased from 0.049 per degree

at a Mach number of 0.25 to a value of 0.067 per degree at a Mach nunber
of 0.94. The theoretical values of Cr, are in good agreement with the
experimontal values at Mach numbers up to 0.85.

At a Mach number of 0.94%, the elevator effectiveness perameter Crs
had increased approximately 20 percent over the value obtained at a Mach
number of 0.25. The variation of Crs with Mach number was predicted by
means of method 2, reference 12, and was modified to account for the
effects of compressibllity through the application of the Prandtl-Glauert
rule. The agreemsnt between the theoretical curve and the experimental
date in figure 22 is conslidered good. An explanation of the application
of the Prandtl-Glauert rule to the prediction of Crg, Chy and Chs is
given 1n appendix A.

Hinge momsnt.— The variation of elevator hinge—moment coefficient

with angle of attack for various elevator deflsctions is presented in
figure 15. Filgure 16 presents the varilation of elevator hinge—moment
coefficient with elevator deflection for 0° angle of attack. These two
figures show that the variation of elevator hinge—moment coefficlent was
approximately linear through 0° angle of attack and 0° elevator deflec—
tion for all Mach mumbers. Increasing the Mach number to 0.94 resulted
in an increasse in the absolute values of the slopes of the hinge~moment
curves and a reduction in the angular range over which the hinge—moment
cheracteristics were linear.

The Mach number at which rapld chenges occurred in the elevator
binge—moment coefficients was dependent upon the elevator deflection and
angle of attack. This is illustrated in figure 17(s) which presents the



FACA RM A51DO2 11

variation of elevator hinge-moment cosfficient with Mach number for
several uncorrected angles of attack at 0° elevator deflection and in
figure 17(b) which presents the variation of elevator hinge—moment coef—
ficlent with Mech number for several elevator deflections at an uncor—
rected angle of attack of O°.

The hinge—moment parameters Chy and Chs are presented as a
function of Mach number in figure 22. The low—speed value of Chr, was
approximetely —0.0030 and was little affected by compressibility up to a
Mach number of 0.90. With further increase in Mach number the velue of
Chy, changed rapidly, attasining a value of —0.0040 at a Mach number of
0.9%. At low Mach mumbers, the value of Chy Was approximately —0.0070.
The value of Chgy became more negative with increasing Mach nunber,
particularly above 0.90, and at a Mach number of 0.94 had attained a
value of =0.0095. Method 2 of reference 12, modified to account for the
effects of compressibillity, was used to predict the varilations of Cny
and Chgy with Mach number. These date are presented as dashed curves in
figure 22, The agreement of the theoretical values of Cn, with the
experimental dsta is excellent. The theory predicts a value of Chp
which is less negative than the experimental value, but the predicted
variation of Chg with Mach number is in good agreement with the

experimental datsa.

Pressure difference across the elevator-—nose seal.— Figure 18 shows
the effects of elevator deflectlon snd angle of attack on the pressure
difference across the elsvator-nose seal at various Mach numbers. The
differences in belsncing pressure at the various spanwlse stations are
believed to be the result of the spenwise distribution of loading,
leakage around the ends of the seals at the hinges, and imperfections in
the alinement of the balance—chamber cover plates.

Inspection of the date in figure 18 shows that the rate of change of
the pressure coefficient across the elevator—nose seal with elevator
deflection decreased at large engies of attack or elevator deflections.
Increasing the Mach number decreased the range of angles at which
increases in balancing pressures accompenied increases in deflection.
These data indicate that, if the elevator were eguipped with a sealed
internal nose balance, the resulting hinge—moment characteristics of the
balanced elevator would be nonlinear at the higher Mach numbers and that
only a small amount of balancing effectiveness would exist at elevator
deflections greater than sbout 6° or 8° at Mach numbers sbove 0.90.

Pitching moment.— The pltching-moment coefficients about the quarter
point of the wing mean asrodynemic chord are presented In flgure 19 as
functions of 1lift coefficient. The veriation of pltching-moment coeffi—
cient with elevator deflection at 0° angle of atbtack is presented in
figure 20.
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The dsta presented in figures 19 and 20 are summarized in figure 22
where CmCL and Cmﬁ are presented as functions of Mach number. Since

the subject model has neither camber nor twist, the values of Cmgy

presented in figure 22 are indicative of the chordwise position of the
serodynemic center. As the Mach number was Iincreased gabove 0.25, the
asrodynamic center moved rearwsrd, the rate of reerward movement increag—
ing rapidly as the Mach nuwber was increased sbove 0.80. Calculations by
the method of reference 10 indicate a value of cmCL which 1s zero for a

Mach number of zero with a slight increase to a positive value as the
Mach number is increased. This theory considers only the effect of com—
pressibility on the spanwise location of the center of pressure. The
disparity between the theoretical and experlmental values of CmcL mey

be due to differences between the theoretical snd the experimental span—
wise locetion of the center of pressure or to the fact that the theory
does not take into account the effects of compressibility on the chord—
wise location of the wing center of pressure.

The pitching—moment effectiveness parameter Cms changed from

—0.0073 at a Mach number of 0.25 to —0.0127 at a Mach number of 0.9k4.
The values of Cpy predicted by the method described in appendix B are

shown in figure 22. The agreement between theory and experiment is good:
at the lower Mach numbers, but the measured effects of compressibllity
are greater than those predicted by the theory.

Drag.— The drag data of figure 21 are summarized in Pigure 23 where

the drag coefficient for constant 1lift coefficients, meximum lift—to—drag
ratio, and the 1lift coefficient at which the meximum lift—drag ratio
occurred sre presented as functions of Mech number for 0° elevator
deflection. The Mach number for drag divergence, defined as the Mach
number at which OCp/dM = 0.10, was 0.93 for a lift coefficient of 0.2.

A meximom lift—to—drag ratio of 18.0 was cbtained at Mach puwbers up to
0.60. The value of the maximum lift—to—drag ratio decreased with
further increase in Mach number to a wvalue of approximately 12 at a Mach
number of 0.94%. The 1ift coefficient Por maximum lift—to—drag ratio was
epproximately 0.2 throughout the Mach number range.

Effects of Leading-Edge Roughness and Elevator—Nose Seal

The independent effects of leading-edge roughness and removal of
the elevator-nose seal are presented in figures 2l and 25. The data
presented in these figures are summarized in figure 26. The results of
tests without leading-edge roughness end with the elevator nose sealed
are presented In all these figures for purposes of comparison.
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The sddition of leading—edge roughness resulted in a siight reduc—
tion in the lift—curve slope near zero 1ift and ir & reduction in maximum
1ift coefficient (fig. 24(a)). The elevator effectivensss was reduced
(fig. 25(a)) when roughness was applied to the leeding edge. The largest
reduction in the stabilizer and elevator effectiveness occurred at a Mach
number of 0.94 where CI, and Cry were reduced by 0.009 per degree and
0.006 per degree, respectively (fig. 26(a)}. ‘It can be seen in
figure 26(a) that leading—edge roughness caused a reduction in the
absolute value of both Ch, &and Cpg. The magnitude of this reduction
increased with 1lnereasing Mach nunber.

The effects of leading-edge roughness on the pitching—moment effec—
tiveness of the elevator CIﬂa and on the pitching—moment—curve slope

CmCL are presented in figure 26(b). ILeading-edge roughness caused a

reduction in the effectiveness of the elevator in producing pitching
moment; the magnitude of this reduction increased with incressing Mach
number. The effect of compressibility on the piliching—moment—curve slope
at zero lift was reduced by the additlion of leading—edge roughness to the
model. As would be expected, application of leading—edge roughness
resulted in an increase in drag. Figures 24(d) and 26(b) show that the
increase of minimim drag coefficient due to leading—edge roughness at

& =0° and Cp, = O was about 0.0040 at low speed and esbout 0.0030 at

a Mach nunmber of 0.94.

It can be seen iIn figure 26(a) that unsealing the elevator nose
caused slight reductions in Cy, and Crg but haed no important effects

on the hinge—moment—curve slopes (fig. 26). Figure 26(b) shows that
unsealing the elevator nose hed little effect on the pltching—moment
characteristics of the horizontal tall or on the minimim drag.

CONCLUDING REMARKS

. The results of wind—tunnel tests conducted to evaluste the inde—
pendsent effects of Reynolds nunber and Mach nurmber on the asrodynamic
characteristics of a horizontal tail of aspect ratio 3.0 with the
quarter—chord line swept back 45° have been presented.

Increasing the Reynolds npumber from 2,000,000 to 18,000,000 at a
Mach number of 0.25 resulted in a sizeble reduction in the drag coeffi—
cient at moderate to high 1ift cosfficients. The 1ift characteristics of
the horizontal tail were little affected by this change in Reynolds
number, but the hinge—moment and pitching-momsnt characteristics of the
tail were affected by changes in Reynolds number, especially at the
higher angles of attack or elevstor deflectioms.
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As the Mach number wes increased from 0.25 to 0.9% the lift—curve
slope increased 36 percent, the 1ift effectiveness of the elevator
increased 20 percent, the pitching-moment effectiveness of the elevator
increased T4 percent, and the sbsolute magnitude of the variation of
slevetor hinge—woment coefficient with either esngle of attack or elevator
deflection increased asbout 35 percent. These increases were measured
through 0° angle of attack®and 0° elevator deflection. The Mach number
et which compressibility effects resulted in large chengee in the
elevetor hinge—moment coefficient was dependent upon the angle of attack
and the elevator deflection. Increasing the Mach number from 0.25 to
0.94 also caused & reduction in the maximum lift—to—drag ratic of from
18 to 12 and a small rearward movement of the merodynamlic center.

Measurements of the pressure difference across the elevator-nose
seal indicate that, if the elevator were equipped with e sealed intermal
nose balance, the resulting hinge—moment charsacteristics of the balanced
elevator would be nonlinear st the higher Mach numbers and that only a
small emount of balancing effectiveness would exist at elevator deflec—
tions greater than ebout 6° or 8° at Mach numbers above 0.90.

The addition of leading—edge roughness caused reductlions in 1ift—
curve slope, elevator effectiveness, stabllity, and elevator hinge—
moment parameters. The magnitude of these reductlions increased with
Increasing Mach number.

Removal of the elevator-nose seal csused slight reductions in the
elevator effectiveness but had no important effects om the lift—curve
slope, stabllity, drag, or hinge—moment parameters.

Ames Aeronautical Leboratory
Retionsl Advisory Committee for Aeroneutics
Moffett Field, Calif.
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APPENDTX A
AFPLTCATION OF THE FRANDTI~GTAUERT FACTOR TO THE EQUATTONS FCR

cila, Ch,,, AND Chy FROM REFERENCE 12

The equatlions of reference 12, method 2, have been modified through
the applicetion of the Prandtl-Glauert rule to account for first—order
compressibllity effects.

The method comsists of determining the incompressible—flow charac—
teristics of an equivalent wing the lateral dimensions of which are

reduced in the ratio of /1 — M® : 1, The aspect retic 1s thus reduced
and the tangent of the sweep angle is increased as the Mach number is
increased. The incompressible—flow characteristics of the egquivalent
wing thus derived are then modified to account for the effects of com—
presgibllity through the epplicaetion of the Prandtl-Glauert rule. The
following are the equations of reference 12, method 2, as modified to
account for the effects of compressibility.

(ro), Looke . pocosnn[1- (3)] -(Al)

c 5o >A=o
T @

where the subscripts

1 average 1nduced value

e characteristics of the equivalent wing for incompressible Fflow
h hinge line

c modification to account for the effects of compressibility

Since the term cos XAy, merely relates the elevator deflection in

streamwise planes to the elevator deflection in planes perpendicular to
the hinge 1lins, the value of A, used in the equations is that of the

actual wing rather than thet of the equivalent wing.

g, - S o [1-@),] e

where the subscripts
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Is lifting surfaces

SC induced camber or streamline curvature

N 1M
do, | —d0 hmg (a3)
(ag CL, T cos Ag — (chcx,)Isc A3
where
(CI'B)
(GB)CLC (CLQ',)C

In the three—dimensionel linesrized-compressible flow theory used
herein to account for the effects of compressibility, the actual aspect
ratio becomes sn effective aspect ratio or reduced aspect ratio BA
which approaches zero as M. approaches 1.0. Analysis of the simplified
liftirg—surface theory indicates that when PA becomes less than approx—
imately 2 the predicted theoretical wvaluss will diverge rapidly from the
experimental values. TFor the subject airfoll, the reduced aspect ratio
becomes 2 at & Mach number of about 0.80. Prediction of the sirfoil
characteristics is not attempted at Mach number above 0.85. The reduced
aspoect ratioc BA 18 discussed in detall in reference 13.
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APFENDIX B

CATLCUTATION OF THE FIAP PITCHING-MOMENT EFFECTIVENESS Cm6

FOR A SWEPT-BACK AIRFOIL

In order to determine the pitching moment caused by the deflec—
tion of a £flap on a swept—back alrfoll, the position of the center of
pressure must be established. The longitudinal position of the air—
foil center of pressure with respect to the guarter point of the mean
aerodynamic chord is establlished through the use of section data,
simple sweep theory, snd & correction to the location of the section
center of pressure for the effects of finite aspect ratic. The span—
wise positlon of the center of pressure with respect to the plane of
symetry can be established from consideration of the spanwise dis—
tribution of the 1ift as affected by the deflesctlion of & control
surface.

Reference 13 presents a method whereby the spanwise loadling dus
to flap deflection can be found for wings having s constant sweep of
the quarter-chord line. Thls reference shows that, for a wing having
a constant—percent chord, full—span control surface, the spanwise
position of the center of pressure of the 1ift due to flap deflection
is coincident with the spanwise center of pressure due to angle of
attack., Thus, the spanwise location of the center of pressurs, for
the subject model, may bs calculated by the Weissinger method.

The longitudinal poslition of the wing center of pressure must
be determined by less direct meens. The known charscteristics of
the reference section, the NACA 6lIAOlO, measured in plenes perpen—
dicular to a line swept back 45° are used. This line is the locus
of the quarter—chord points of the reference sections. The center
of pressure due to flep deflection for an NACA 64A010 airfoil sec—
tion having a 0.30—chord, plain flap is located at 0.40 chord
(reference 14). When a linear veriation of Cp with Cp at
Cr. =0 and Cp =0 is assumed, the moment equation referred to
the quarter—chord point of the airfoil section is

(CEO.%)O = =CrL, (e.p.g — 0.25)

17

(B1)
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where the subscript o indlcates the wvalue fér two~dimensional flow.
For a finlte wing, use Is made of equation 1 of reference 15

a !t
oMo t = ""Q— s e L - . 2
C.Depy oy (c.pep, 025)+_025 (B2)
where
c.p.fl' center of pressure location of incremental 1lift load
due to flap deflection, fraction of chord of sec—
tions parallel to the plane of symuetry
c.p.p ! center of pressure location, fraction of chord of
e section parallel to the plane of symmetry
ao" lift—curve slope of sections parallel to the plane of
symmetry
an theoretical lift—curve slope of the finite wing,

computed by the method of reference 10 for incom—
pressible flow

The section lift—curve slope of & swept wing of infinite span msy
be estimated, from simple sweep theory, by the following expression

a,' = &8, cos A (B3)

The geometric relationship between the chordwise center—of—pressure
positlon on a tapered swept—back wing expressed as a fraction of a chord
parallsel to the plane of symmetry in terms of a fraction of a chord
inclined at the angle of sweepback A is



c <1+ta.n2A-r|:a.nAtanT>
Cupep ! = R0 1l+ tan A tan T
“to T/ _tenAtenOtan A\ ./ tenA%anT . _ ten 6-ten A
1 + ton 0 tan A *Pro 1+ tan A tan T 1+1;anetanA)

(Bk4)

vhere

0 sweep of the leading edpe of the finite—spen wing with respsct to m perpendicular to the
plane of symmetry, degrees

A sweep of the locus of the quarter—chord points aof the 64AOLO0 sections, with respect to a
parpendicu;l.a.r to the plane of symmetry, degrees

T gweep of the trailing e:dge of the finite-span wing with respect to a perpendicular to the
plane of symmetry, degrees
By substitution of the values cbtained for =a,' and c.p.fo' from cquations (B3) and (Bh4),
respoctively, in equation (B2), this equation can then be rewritten as:

o (1 + tan® A—tan Atan T)
8o Co8 A “Pro 1 + tan Atan T

CoDop.t = : -
£ oy L s tan Aten o-ten®A) o /tenAben® . ten 6ten A
1 —tan 6 ten A 00 +ten Atan T 1 + ten @ tan

0.25| +0.2%5 / (B5)

SOaISV WY VovN
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Through solution of squation (B5) a constant—percent chord line approxi—
mating the locus of the centers of pressure of sectlons parallel to the
plane of symmetry was esteblished. The effect of finite aspect ratlio on
the slope of this line near the root and tip sections is neglected. The
wing center of pressure is defined ss the point of intersection of the
locus of the section centers of pressure with a chord line (taken paral—
lel to the plane of symmetry) that passes through the spanwise center of
presgure (fig. 27).

Pitching moments for a wing of finite aspect retio are referred to
an axis that passes through the quarter point of the mean aerodynamic
chord and 1s perpendiculer to the plane of symmetry. Therefore, in
order to present the pitching moment in terms of a percent of the mean
aerodynamic chord, it is necessary to comsider the change In percent
local chord that 1s introduced when the sirfoll center of pressure 1s
projected to the mean aerodynamic chord (fig. 27). This change in chord—
wilse position is calculated from the relation

(Ye.p. — ¥5)
x = B S
[+]

tan ¥ {B6)

where

Ye.p. latersl distance to the wing center of pressure measured perpen—
dicularly from the plsne of symmetry, feet

Yz lateral distance to the meen aerodypamic chord measured perpen—
diculerly from the plene of symmetry, feet

¥ sweep of the locus of the section centers of pressure due to flap
deflection with respect to & perpendicular to the plene of
symetry, degrees

x fraction of the mean aserodynamic chord

The longitudinal distance to the wing center of pressure on the
mean aerodynemic chord X measured from the leading edge of the mean
aerodynamlic chord and expressed as a fraction of the mesan serodynamic
chord can be written as:

X = copepy' + X (B7)

where c.p.g;' and x, defined by equations (B5) and (B6), respectively,
are both fractions of the mean aerodynamic chord.

If moments are taken about the quarter point of the mean aerodynemilc
chord of the finite wing, the equation can be written as

°m0.25a = - Cr, (X — 0.25) (B8)



If a lineer variation of Cm with C, at Oy, =0 end Cp=0 i3 assumed, then from a differ-
entiation of equation (BB) with respect to B8,

Cmg = — Clg (X ~ 0.25) (B9)

Substituting for X, defined by equation (B7) in equation (B9)

tan® A—tan A tan T
C'P'é * =Y 1 tan 0 tanA)

L —oigj +
)
(l_ta.nAta.ne—ft;a.n A 4 6.p.g tan 4 [ —Fen A-ten T + [ —ten 6—tan A
1+ tan @ tan A l+tend tan T 1l + ten 6 tan A
Je.p.7 77 '
(_.2_2%_9.> - (10)

In modifying equation (B10) to account for the effects of compressibility, the agsumption is
made that the position of the center of ssure for a given flap deflection is independent of the
Mach number, The modified equation (B10) then becomes

SOTLEY WY VOVN




(one), == (o). | —

ten® A—ten A tan T)
C'P"’(l Y3 E tan A tan T

2
(l_ta:aA ten 0—tan A)+C.P.° th( ten A—tan T ) (
1+ tan @ tan A 1+ tan 6 tan T

__tep B—tan A A)
1 + ten 6 tanA

(ﬂ_;) tan ¥

where (CLB)G mey be computed by means of equation (Al) in eppendix A end ey can be
camputed divectly by the method of reference 10.

(B11)
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TABIE I.— COORDINATES FOR THE NACA 64A010 AIRFOIL SECTION

[A11 dimensions in percent chordl

»
Upper and Lower Surfaces

Station Ordinsate
o) o]
.50 .80k
.75 .969
125 1.225
2.50 1.688
5.00 2.327
T.50 2.805
10.00 3.199
15.00 3.813
20.00 4,272
25.00 4,606
30.00 .837
35.00 4,968
Lo.00 k.995
45.00 L.89L
50,00 L ,684
55.00 5 .388
60.00 L.,o21
65.00 3.597
70.00 3.127
75.00 2.623
80.00 2,103
85.00 1.582
90.00 1.062
95.00 5kl
100.00 - .021

L. BE. radius: 0.687
T. E. radius: 0.023

RN T
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TABIE IT.— COORDINATES FOR THE AIRFOIT, SECTIORS PARALIEL TO FIANE OF
SYMMETRY OF MODEL

[All dimensions in percent chord]

Upper and lower Surfaces
Station Ordinate
0 0
.63 673
.95 811
1.57 -1.023
3.1k 1.%06
6.23 1.925
9.29 2,306
12.31 2.612
18.23 3.07h
24,00 3.401
29.63 3.622
35.13 3.757
Lko.kg 3.813
k5,72 3.788
50.83 3.667
55.82 3.469
60.69 3.212
65.46 2.910
70.12 2.57h
Th.67 2.213
79.12 1.836
83.48 1.456
87.74 1.083
91.92 . 720
96.00 .363
100.00 .014
L. E, radius: 0.485
T. E, radius: 0.016

SRR



Dimensions shown in inches
unless otherwise noted

|<— 20.74 —»|

0.25 chord of NACA 64A010 section

s

Elevator hinge, 0.70 chord /

of NACA 64A0/0 sech‘on:/ / >/’
L SN\

NACA 64A0!0 - -

46.67

section . A// T
b, 3
P 90" A R
~*148.5 ., 8
AN l
e 12,29 »] | 0.5/ |
|——— 3147 >~

Figure |~ The horizontal-toil model.
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Aspect ratio 3.0

Toper ratio 0.5

Area semispan  10.083 [ 2
Efevator area 2553 ¢

z 26581t
M, 0679 #1°

Liamtzc;

Section A- A
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Figure 2.— The horizontal talil model mounted in the Ames 12—Foot
pregsure wind tunmel.
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Figure 3.~ The location of the wall orifices relotive fo the modsl in the Ames 12-fool pressure

wind tunnel.
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Lift coefficient, G,
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Pitching-moment cosfficlent , Gy
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